The aim of this study was to identify a panel of serum noncoding RNAs (ncRNAs) as potential diagnostic and prognostic biomarkers for breast cancer.
Background
In 2017 in the USA, breast cancer was the most commonly diagnosed cancer in women, was the second most common cause of death due to cancer in women, and was expected to account for 30% of all new cancer diagnoses in women [1] . The prognosis for patients with breast cancer is strongly associated with the stage of the disease at diagnosis. Therefore, the diagnosis and treatment of breast cancer at an early stage is a clinical priority. Mammography, ultrasonography, and magnetic resonance imaging (MRI) are routinely used for the detection of breast abnormalities. However, the sensitivity of mammography is moderate and can be affected by age and the density of the breast tissue [2] . Breast ultrasonography has a high rate of false-negative results when used in breast cancer screening, particularly in women with dense breast tissue [3] . The high cost of breast MRI makes it inappropriate for use in screening for early breast cancer. Therefore, more sensitive and specific detection methods for early breast cancer are still needed.
There has been recent interest in the detection of expression of noncoding RNAs (ncRNAs) as a biomarker in several types of cancer. The ncRNAs include long noncoding RNAs (lncRNAs), and microRNAs (miRNAs), which are short noncoding RNAs (sncRNAs). The miRNAs are approximately 19-25 nucleotides in length and are involved in many biological processes, including cell proliferation, cell differentiation, regulation of the cell cycle, and apoptosis. The lncRNAs are more than 200 nucleotides in length and play an important role in gene regulation and carcinogenesis. Recent studies have shown that miRNAs and lncRNAs are abnormally expressed in tumor tissues and have a role as regulators of tumor initiation and development [4, 5] . Currently, several miRNAs and lncRNAs have been reported to be potential diagnostic and prognostic tumor biomarkers, and because they are tumor-derived nucleic acids, they can be released into the peripheral circulation and detected in the plasma and serum [6, 7] . Therefore, the detection of ncRNAs (miRNAs and lncRNAs) in the circulation, by analysis of plasma or serum, has potential as diagnostic or prognostic biomarkers for specific cancers [6, 7] .
In this study, 11 candidate ncRNAs (miRNAs and lncRNAs) that have already been reported to show increased expression in breast cancer tissues were selected as candidate serum diagnostic biomarkers. The aim of this study was to identify a panel of ncRNAs, using quantitative reverse transcription polymerase chain reaction (RT-qPCR), that could be detected in the serum from blood samples and that showed potential as either diagnostic or prognostic biomarkers for breast cancer.
Material and Methods

Ethics statement
The study design and the procedures used involved human participants and were performed ethically and approved by the Clinical Research Ethics Committee of the Cancer Institute and Hospital, Chinese Academy of Medical Sciences, as well as in accordance with the 1964 Helsinki declaration and its later amendments. Informed consent was obtained from all of the individual participants included in the study.
Study populations
A total of 158 patients with breast cancer and 107 healthy women participated in this study. Serum samples were collected from a study 'training set' of 30 healthy women and 30 patients with breast cancer. The 'validation set' consisted of 128 women with breast cancer and 77 healthy women. Serum samples were also collected from 158 women with breast cancer before they had undergone any treatment, such as chemotherapy, surgery, or radiotherapy. Serum samples from 107 healthy women were used as healthy controls, and the women were matched to the patients with breast cancer by gender, age, and family history of breast cancer. Serum samples from 53 patients with breast cancer were collected before and after performing surgery. Serum samples from 12 patients with breast cancer were collected before and after treatment with vinorelbine chemotherapy.
Study design
To identify the optimal biomarker panel of serum noncoding RNAs (ncRNAs) for breast cancer, the study was divided into two phases that included analysis of a 'training set' and a 'validation set' of study participants. Microsoft Excel was used to divide all of the samples randomly into two groups. There were 60 participants in the 'training set,' including 30 women with breast cancer and 30 healthy women. The 'validation set' consisted of 128 women with breast cancer and 77 healthy women. All the study participants were registered at the Cancer Institute and Hospital, Chinese Academy of Medical Sciences, between 2013 and 2014. The women with breast cancer all had histologically confirmed diagnoses of primary breast cancer, with tumor grading and staging by surgery or by imaging. For those patients who did not receive surgical treatment, biopsy and imaging technology were used to determine the histopathology and tumor stage. Breast cancer staging was conducted according to the staging system of the American Joint Committee on Cancer (AJCC) Tumour Node Metastasis (TNM) system (6th Edition). The histological typing of the breast tumors were performed according to the current criteria of the World Health Organization (WHO). Healthy people who had no evidence of inflammatory conditions or malignancy of the breast were chosen as the control group. Table 1 summarizes the clinical and demographic characteristics of the subjects included in the study. This study was performed according to the current Reporting Recommendations for Tumor Marker Prognostic Studies (REMARK) guidelines [8] .
Serum preparation and isolation of RNA Venous blood samples (5 mL) were collected from all study participants and maintained for one hour at room temperature. The serum was separated by centrifugation, transferred to new tubes and were subjected to 10 minutes of high-speed centrifugation at 16,000 g at 4°C to remove the cells. Serum samples were preserved at -80°C until further analysis.
TRIzol LS reagent (Invitrogen, Inc.) was used to extract the RNAs from 250 μL of serum according to the manufacturer's protocol. A synthetic version of a Caenorhabditis elegans (C. elegans) microRNA (cel-miR-39) (Takara, Japan) was added to each sample at a final concentration of 10 -4 pmol/μL to control for the variability in RNA extraction and purification.
Quantitative reverse transcription polymerase chain reaction (RT-qPCR) assay
An equal volume of serum (250 μL) was processed during RNA isolation for each subject. For detection of microRNAs (miRNAs), a TaKaRa SYBR PrimeScript™ miRNA RT-PCR kit (Takara, Japan) was used to reverse transcribe serum RNA into cDNA (Takara, Japan) according to the manufacturer's protocol.
For the detection of metastasis-associated lung adenocarcinoma transcript 1 (MALAT1), reverse transcriptase M-MLV was used to reverse transcribe serum RNA into cDNA (Takara, Japan) (RNase H-) according to the manufacturer's protocol.
An ABI ViiA™ 7 real-time PCR system (Applied Biosystems) and a TaKaRa SYBR PrimeScript™ miRNA RT-PCR kit (Takara, Japan) were used to perform quantitative PCR. The universal primers were provided by the manufacturer. The miRNA-specific forward primers are shown in Supplementary Table 1 .
The quantitative PCR reactions were conducted as follows: at 95°C for 30 seconds; at 95°C for 5 seconds; and at 60°C for 31 seconds, for 40 cycles. The expression of miRNA of all of the samples was normalized to cel-miR-39 [9] . GAPDH was used as a reference gene for the gene expression normalization [10] . All the reactions were conducted in triplicate, and the 2 -DDCt method was used to calculate the relative expression levels of the target genes.
Statistical analysis
The chi-squared (c 2 ) test and Student's t-test were used to compare the clinical features and the demographics of the two groups (women with breast cancer and controls). An independent sample t-test was used to compare the serum concentrations of ncRNA in the serum samples of the patients with breast cancer and the healthy controls. A risk score function method was applied to build a diagnosis model for patients with breast cancer when compared with the controls, as described previously [11] [12] [13] . An appropriate cut-off value was identified, and the diagnostic performance of the model was evaluated by using receiver-operating curve (ROC) analysis. The SPSS version 17.0 software (SPSS Inc., Chicago, IL, USA) was used to perform all the statistical analysis, and p<0.05 indicated the statistical significance. Graphpad Prism 5.0 (Graphpad Software Inc., San Diego, CA, USA) was used to generate the graphs. Cluster 3.0 (Berkeley, CA, USA) was used for hierarchical clustering through the complete linkage method. 
Results
Expression of candidate noncoding RNAs (ncRNAs) in serum samples of patients with breast cancer and healthy controls A two-phase experiment was designed to identify a panel of serum noncoding RNAs (ncRNAs) as potential breast cancer diagnostic biomarkers. The two groups studied include a 'training set' of 30 patients with breast cancer and 30 healthy women controlled for age, and a 'validation set' of 128 patients with breast cancer and 77 healthy women. Quantitative reverse transcription polymerase chain reaction (RT-qPCR) was performed to determine the expression of 11 candidate ncRNAs in the training set. The expression of the microRNAs (miRNAs) and the long noncoding RNA (lncRNA), metastasisassociated lung adenocarcinoma transcript 1 (MALAT1), were normalized to the cel-miR-39 and the expression of GAPDH, respectively. A panel of four serum ncRNAs, including let-7a, miR-155, miR-574-5p, and MALAT1, was shown to be present in patients with breast cancer.
The results showed that, compared with the healthy controls, the expression of let-7a of patients with breast cancer was significantly down-regulated, while the miR-574-5p, miR-155, and MALAT1 in the serum from patients in the breast cancer group were upregulated (Table 2, Figure 1 ). However, the other seven miRNAs in the initial panel (miR-21, miRNA-10b, miR-NA-181b, miRNA-1254, miRNA-196a, miRNA-205, and miR-NA-195) did not show significant changes (data not shown).
In the validation set, which consisted of 128 patients with breast cancer and 77 healthy women, the four upregulated ncRNAs were then tested further, to verify the reliability of the results. These results were consistent with those of the training set (shown in Table 2 , Figure 1 ). Therefore, it might be concluded that the patients with breast cancer and the healthy controls had significantly different expression levels of let-7a, miR-574-5p, miR-155, and MALAT1 and that these four ncRNAs might represent a serum biomarker panel with potential in the diagnosis of breast cancer.
Diagnostic performance of the four ncRNAs: let-7a, miR-155, miR-574-5p, and MALAT1
The breast cancer diagnosis model of the four ncRNAs was established using the risk score function. To evaluate the diagnostic performance of serum detection of the panel of ncRNAs that included let-7a, miR-155, miR-574-5p, and MALAT1, a ROC curve analysis was carried out to compare the patients with breast cancer with healthy controls The parameters were determined using the training set and evaluated using the validation test. Youden's index indicated the difference between specificity and sensitivity, as when this index reached the maximum value, it could identify the optimal cut-off predictive value. The receiver-operating characteristic (ROC) curve analysis indicated that the areas under the curve (AUCs) of miR-155, let-7a, MALAT1, and miR-574-5p were 0.817, 0.783, 0.650, and 0.867, respectively. However, when the risk score function was used to combine the four ncRNAs, the AUC of the ncRNA panel for the training set was 0.960 (95% CI, 0.864-1.000), and the cut-off value was 9.1815. The optimal specificity and sensitivity were 93.3% and 96.7%, respectively, with a Youden's index of 0.900 (see Table 3 ). Using this cut-off value, the samples from 128 patients with breast cancer and 77 healthy people were evaluated as 'the validation set.' A significantly increased diagnostic performance was shown for the ncRNA panel, with an AUC of 0.968 (95% CI, 0.903-0.985), the Youden's index was 0.89, and the specificity and sensitivity were 89.6% and 99.2%, respectively (see Table 3 , Figure 2A , 2B). Therefore, when compared with a single ncRNA, a combination of multiple ncRNAs was considerably more sensitive for distinguishing between the patients with breast cancer and the healthy controls (Table 3) .
Further analysis was performed for the AUC and for the standard error and compared the statistical test results with p<0.5 (reference value, without discriminant ability). The results showed that compared with the AUC for let-7a, miR-155, miR-574-5p, MALAT1, and the combined four ncRNAs at 0.5, the p-values were p=0.000, p=0.000, p=0.000, p=0.046, and p=0.000, respectively, for the training set; and p=0.000, p=0.001, p=0.000, p=0.000, and p=0.000, respectively, for the validation set. The above results indicated that the diagnostic efficiency of the serum ncRNA panel was high, and the clinical validity was reliable.
To determine the value of the serum ncRNA panel as a diagnostic or screening method, the clinical application of the panel required testing. The predicted value (PV), which is the probability that a test will reach an accurate conclusion, is commonly used as an evaluation index. When the cut-off value was 9.1815 for the training set, the positive predictive value (PPV) and the negative predictive value (NPV) of the panel were 0.96 and 0.85, respectively; while for the validation set, the PPV and NPV were 0.97 and 0.85, respectively (see Table 4 ). The results indicated that the serum breast cancer diagnostic panel, based on the four ncRNAs, let-7a, miR-155, miR-574-5p, and MALAT1, had diagnostic value.
Unsupervised clustering to distinguish between patients with breast cancer from healthy controls using the panel of four ncRNAs Table 3 . Diagnostic performance of each non-coding RNA between BC patients and controls. 
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and unsupervised clustering was carried out to distinguish the patients with breast cancer from the healthy controls by the use of the panel of four ncRNAs, let-7a, miR-155, miR-574-5p, and MALAT1. The results indicated that the signatures of the ncRNAs could be used as a basis to separate the samples from patients with breast cancer from the control samples (as shown in Figure 3 ). In the training set, two patients with breast cancer, but none of the healthy controls were incorrectly classified. In the validation set, the samples collected from 128 patients with breast cancer and 77 healthy controls were divided into two main categories, and only five samples from the control group were misclassified.
Expression of four ncRNAs in serum samples from patients with breast cancer before and after surgery
To determine whether the expressions of the four ncRNAs were different in the serum samples of the patients with breast cancer before and after surgery, serum samples were collected from 53 patients with breast cancer before surgery, and one week after surgery. The expression levels of let-7a, miR-574-5p, and miR-155 were slightly increased in the serum one week after surgery when compared with those before surgery, while the expression of MALAT1 was significantly reduced by one week after surgery (Figure 4 ).
There was a difference in the expression of miR-574-5p and let7a patients with breast cancer pre-operatively when compared post-operatively, primarily in the patients with stage II breast cancer (p=0.033 and p=0.037, respectively), while a difference in expression of miR-155 was mainly observed in the patients with stage I breast cancer (p=0.031). The difference in the expression of MALAT1, between the patients with breast cancer compared with the controls, increased with the progression of the clinical stage of breast cancer (Supplementary Figure 1) .
Similarly, there was a difference between the expression of miR-574-5p and MALAT1 in breast cancer patients pre-operatively and postoperatively, which were most obvious in patients with T1 and T2-3 tumors, indicating that the tumor size was associated with increased serum levels of the ncRNAs. The different expression of let-7a was the most apparent in patients with T2-3 breast cancer, whereas the expression of serum miR-155 did not change significantly with breast tumor size (Supplementary Figure 2) .
The different expression of the ncRNAs pre-operatively and postoperatively by lymph node metastasis status was also studied. As shown in Figure S3 , the expressions of miR-574-5p and let-7a were increased in the postoperative patients, and the difference was the most significant in patients with breast cancer N1-3. In contrast, reduced expression of MALAT1 in the post-operative patients was not associated with the lymph node metastasis status. The expression of miR-155 showed no significant difference between the pre-operative and the post-operative patients (Supplementary Figure 3) .
Changes in expression levels of ncRNAs in patients with breast cancer treated with the chemotherapy agent, vinorelbine
Serum samples from 12 patients with breast cancer were analyzed for the levels of the four ncRNAs, let-7a, miR-155, miR-574-5p, and MALAT1 before and after the vinorelbine treatment. The results showed that after the vinorelbine treatment, the expression of miR-155 was significantly decreased in 11 cases out of 12 (p=0.0003), while no obvious changes were observed in the other three ncRNAs. These results indicated that the miR-155 expression was sensitive to vinorelbine and might potentially be used to monitor clinical outcome following chemotherapy ( Figure 5 ).
Discussion
Tumor cells can to release microRNAs (miRNAs), also known as short noncoding RNAs (sncRNAs), into the blood, which means that miRNAs can be detected in plasma and serum samples. Previously published studies have shown that extracellular secreted miRNA might play a role in intercellular communication by regulating recipient cell gene expression and affecting the target cell function [14, 15] . Recently, long noncoding RNAs (lncRNAs), another type of noncoding RNA (ncRNA) that can be detected in plasma and serum, has been shown to have a role in tumor initiation and progression, with studies showing that it can function as a competing endogenous RNA (ceRNA) that regulates other RNA transcripts by regulating specific miRNAs and the corresponding target genes [16] . Therefore, there is a potential clinical application in investigating the ncRNA targets and their relationship.
In this study, the expression of 11 ncRNAs in the serum samples of patients with breast cancer and healthy people were screened, and a ncRNA panel of four was identified, that included let-7a, 2483 miR-155, miR-574-5p, and metastasis-associated lung adenocarcinoma transcript 1 (MALAT1). This panel of four ncRNAs could be measured in serum samples and could distinguish between the patients with breast cancer from the normal controls, with relatively high sensitivity. In particular, this ncRNA panel differed between healthy controls and patients with early-stage breast cancer (stages I-IIa) (Supplementary Figure 4) . This finding, of a marker for early-stage breast cancer, is important because patients with breast cancer will have a better prognosis if they are diagnosed at an early stage.
Several previously published studies have shown that the expression of let-7a is reduced in cancer cells and the serum of patients with cancer when compared with normal controls, a finding that has been correlated with the overexpression of RAS and HMGA2 genes [17] [18] [19] . Also, let-7a is involved in tumor cell proliferation, invasion, and metastasis and has been shown to have a role energy metabolism in a variety of tumors, including breast cancer [20, 21] . In the present study, the expression of let-7a was reduced in the serum of patients with breast cancer, and one week after surgery, its expression level increased significantly when compared with the control samples. Consistent with previous reports that the reduced expression of let-7a promotes the growth of breast cancer cells, this result indicated that let-7a might have a role in the occurrence and development of human breast cancer.
Also, miR-155 has previously been studied in breast cancer [22] . Some studies have shown that miR-155 was more abundant in the serum of patients with breast cancer during diagnosis and treatment [23] . The expression of miR-155 has also previously been shown to be inversely correlated with the expression of the tumor suppressor gene, suppressor of cytokine signaling 1 (SOCS1) in a breast cancer cell line [24] . Also, miR-155 regulates DNA repair and sensitivity to ionizing radiation by inhibiting the expression of RAD51 in breast cancer cells [25] .
In the present study, although the expression of miR-155 in serum was almost stable in pre-operative and the postoperative patients with breast cancer, the expression levels of miR-155 decreased significantly in patients with breast cancer following chemotherapy with vinorelbine. However, as this data in the present study were obtained from serum samples from only 12 patients with breast cancer following vinorelbine treatment, this preliminary finding requires validation with further studies and larger patient numbers. However, from the findings of the present study, miR-155 might be as a potential target for breast cancer diagnosis and therapy.
The miRNA, miR-574-5p, has previously been reported to be involved in biological processes including the regulation of neurogenesis in the embryonic cerebral cortex [26] , and in the development of human cancer [27, 28] . The expression of miR-574-5p has been shown to be found in extracellular vesicles 
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in human colon carcinoma cell lines using the technique of miRNA deep sequencing [29] , and has a suppressive role in colorectal cancer and liver metastasis by negatively regulating the expression of the MACC-1 gene in the colorectal cancer cells [30] . In the present study, the expression of miR-574-5p was increased in the serum of patients with breast cancer and had a high diagnostic sensitivity and specificity.
MALAT1 is one of the most abundant and highly conserved long ncRNAs, and previous studies have shown that it participates in RNA alternative splicing, protein subnuclear localization, the modulation of protein phosphorylation, and cell differentiation and development [31] [32] [33] . Previous studies have shown that MALAT1 plays an important role in tumor cell proliferation and cell migration, including in breast cancer cells [34, 35] . In the present study, MALAT1 was over-expressed and found at high levels in the serum of patients with breast cancer. Importantly, in patients with breast cancer, one week after surgery, the serum levels of MALAT1 decreased significantly when compared with pre-operative levels. This result indicated that MALAT1 might be a serum biomarker of potential value in monitoring the development of breast cancer and monitoring response to treatment.
Conclusions
The findings of this study identified a panel of serum noncoding RNAs (ncRNAs) as potential diagnostic and prognostic biomarkers for breast cancer that included the ncRNAs let7a, miR-155, miR-574-5p, and MALAT1. Furthermore, some of these serum ncRNAs might have potential as serum biomarkers of response to therapy. The findings of this initial study require further controlled studies with larger numbers of cases, to support the potential clinical role for the detection of serum ncRNAs in breast cancer diagnosis, prognosis, and response to therapy. 
